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(54) A capacity control device for a compressor in a refrigerating system 



(57) A control valve (CV) is located in a variable dis- 
placement compressor Incorporated in a refrigerant cir- 
cuit. The control valve (CV) controls the displacement 
of the compressor in accordance with a pressure differ- 
ence between a first pressure monitoring point (PI ) and 
a second pressure monitoring point (P2), which are lo- 
cated in the refrigerant circuit, such that the pressure- 



difference seeks a predetermined target value. An ad- 
Justing valve (39), which is a variable throttle valve, is 
located in a section of the refrigerant circuit between the 
first and second pressure monitoring points (P1, P2). 
The adjusting valve (39) adjusts the restriction amount 
of the refrigerant in relation to the refrigerant flow in the 
refrigerant circuit. The compressor displacement is thus 
optimally controlled. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to vehicle air 
conditioners and displacennent control valves for con- 
trolling displacement of variable displacennent compres- 
sors used in the air conditioners. 
[0002] A typical refrigerant circuit in a vehicle air-con- 
ditioner includes a condenser, an expansion valve, an 
evaporator and a compressor. The compressor is driven 
by a vehicle engine. The compressor draws refrigerant 
gas from the evaporator, then, compresses the gas and 
discharges the compressed gas to the condenser. The 
evaporator perfomis heat exchange between the refrig- 
erant In the refrigerant circuit and the air in the passen- 
ger compartment. The heat of air at the evaporator is 
transmitted to the refrigerant flowing through the evap- 
orator In accordance with thethennal load or the cooling 
load. Therefore, the pressure of refrigerant gas at the 
outlet of or the downstream portion of the evaporator 
represents the cooling load. 

[0003] Variable displacement compressors are widely 
used in vehicles. Such compressors include a displace- 
ment control valve that operates to maintain the pres- 
sure at the outlet of the evaporator, or the suction pres- 
sure, at a predetermined target level (target suction 
pressure). The control valve feedback controls the dis- 
placement of the compressor by referring to the suction 
pressure such that the flow rate of refrigerant in the re- 
frigerant circuit corresponds to the cooling load. 
[0004] The displacement control valve includes a 
pressure sensitive member that moves the valve body 
in accordance with the suction pressure. The pressure 
in the crank chamber is adjusted in relation to the posi- 
tion of the valve body. The inclination angle of a swash 
plate located in the compressor is altered depending on 
the pressure in the crank chamber. This varies the dis- 
placement of the compressor. 

[0005] A certain type of displacement control valve al- 
ters the target suction pressure through an external 
electric control procedure. The control valve includes an 
electromagnetic actuator such as a solenoid. When an 
electric current is externally supplied to the electromag- 
netic actuator, the actuator urges the pressure sensitive 
member with the force varied in relation to a value of the 
electric current. The value of the electric current reflects 
the target suction pressure. 

[0006] However, the actual suction pressure reaches 
the target value, which is changed through the electric 
control procedure, only after a certain delay. More spe- 
cifically, the thermal load that acts on the evaporator af- 
fects the suction pressure, thus causing the delay. Ac- 
cordingly, although the target suction pressure Is adjust- 
ed accurately through the electric control procedure, the 
displacement of the compressor cannot be varied quick- 
ly or smoothly. 



BRIEF SUMMARY OF THE INVENTION 

[0007] It is an objective of the present invention to pro- 
vide an air conditioner and a displacement control valve 
5 of a variable displacement compressor that vary com- 
pressor displacement quickly and smoothly. 
[0008] To achieve the above objective, the present In- 
vention provides an air conditioning apparatus provided 
with a refrigerant circuit including a variable displace- 
10 ment compressor. The air conditioning apparatus in- 
cludes a displacement control mechanism, which con- 
trols the displacement of the compressor in relation to 
a pressure difference between a first pressure monitor- 
ing point and a second pressure monitoring point in the 
IS refrigerant circuit such that the pressure difference 
seeks a predetermined target value. The second pres- 
sure monitoring point is located downstream of the first 
pressure monitoring point. The displacement control 
mechanism has an altering device for altering the target 
value. A first pressure introducing passage introduces 
the pressure at the first pressure monitoring point to the 
displacement control mechanism. The first pressure 
monitoring point and the first pressure Introducing pas- 
sage form a high pressure zone. A second pressure in- 
troducing passage introduces the pressure at the sec- 
ond pressure monitoring point to the displacement con- 
trol mechanism. The second pressure monitoring point 
and the second pressure introducing passage form a 
low pressure zone. An adjusting line connects the high 
pressure zone to the low pressure zone. An adjusting 
valve adjusts the opening size of the adjusting line. 
[0009] The present invention also provides a dis- 
placement control valve for controlling the displacement 
of a variable displacement compressor incorporated in 
a refrigerant circuit of an air conditioning apparatus. The 
control valve includes a valve housing, a valve body, 
which is accommodated in the valve housing, a pres- 
sure sensitive chamber, which Is fomried in the valve 
housing, and a pressure sensitive member, which di- 
vides the pressure sensitive chamber to a first pressure 
chamber and a second pressure chamber. The pressure 
at a first pressure monitoring point in the refrigerant cir- 
cuit is introduced to the first pressure chamber The 
pressure at a second pressure monitoring point in the 
refrigerant circuit is introduced to the second pressure 
chamber. The pressure sensitive member moves the 
valve body In accordance with the pressure difference 
between the first pressure chamber and the second 
pressure chamber, thereby controlling the displacement 
of the compressor such that the pressure difference be- 
tween the first and second pressure monitoring points 
seeks a predetermined target value. The control valve 
further includes an altering device for altering the target 
value. The altering device urges the valve body with a 
force corresponding to the target value. An adjusting line 
is formed in the pressure sensitive member to connect 
the first pressure chamber to the second pressure 
chamber. An adjusting valve adjusts the opening size of 



25 



30 



35 



40 



45 



SO 



2 



EP1 162 370 A2 



the adjusting line. 

[001 0] Other aspects and advantages of the invention 
will become apparentfronn the following description, tak- 
en In conjunction with the accompanying drawings, Il- 
lustrating by way of example the principles of the inven- 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The invention, together with objects and ad- 
vantages thereof, may best be understood by reference 
to the following description of the presently preferred 
embodiments together with the accompanying drawings 
in which: 

Fig. 1 Is a cross-sectional view showing a swash 
plate type variable displacement compressor of a 
first embodiment according to the present inven- 
tion; 

Fig. 2 is a circuit diagram schematically showing a 
refrigerant circuit: 

Fig. 3 is a cross-sectional view showing a displace- 
ment control valve of Fig. 1 ; 
Figs. 4(a) and 4(b) are enlarged cross-sectional 
views showing a pressure difference adjusting 
valve of Fig. 1 ; 

Fig. 5 is a graph representing the relationship be- 
tween refrigerant flow and pressure difference be- 
tween a pair of pressure monitoring points; 
Fig. 6 is a flowchart Indicating a control procedure 
of the displacement control valve; 
Fig. 7 Is a cross-sectional view showing a displace- 
ment control valve of a second embodiment accord- 
ing to the present invention; 
Fig. 8 is an enlarged cross-sectional view showing 
a pressure difference adjusting valve incorporated 
in the displacement control valve of Fig. 7; 
Fig. 9 is a graph representing the relationship be- 
tween refrigerant flow and pressure difference be- 
tween a pair of pressure chambers; 
Fig. 10 is a cross-sectional view showing a dis- 
placement control valve of a third embodiment ac- 
cording to the present invention; 
Fig. 11 is an enlarged, cross-sectional view showing 
a pressure difference adjusting valve incorporated 
in the displacement control valve of Fig. 10; 
Fig. 1 2 Is a view showing a portion of a refrigerant 
circuit of a fourth embodiment according to the 
present invention; and 

Fig. 12A is an enlarged view showing the portion 
indicated by circle 12A of Fig. 12. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0012] First to fourth embodiments of the present In- 
vention will now be described. In describing the second 
and fourth embodiments, only the differences from the 



4 

first embodiment will be discussed. Same or like refer- 
ence numerals are given to parts In the second and 
fourth embodiments that are the same as or like corre- 
sponding parts of the first embodiment. 

5 

First embodiment 

[001 3] The compressor shown in Fig, 1 includes a cyl- 
inder block 1 , a front housing member 2 connected to 

^0 the front end of the cylinder block 1 , and a rear housing 
member 4 connected to the rear end of the cylinder 
block 1 . A valve plate 3 Is located between the rear hous- 
ing member 4 and the cylinder block 1 . 
[001 4] A crank chamber 5 is defined between the cyl- 

is inder block 1 and the front housing member 2. A drive 
shaft 6 is supported in the crank chamber 5 by bearings. 
A lug plate 11 Is fixed to the drive shaft 6 in the crank 
chamber 5 to rotate integrally with the drive shaft 6. 
[0015] The front end of the drive shaft 6 Is connected 

20 to an external drive source, whk;h is an engine E in this 
embodiment, through a power transmission mechanism 
PT. In this embodiment, the power transmission mech- 
anism PT IS a clutchless mechanism that includes, for 
example, a belt and a pulley. Alternatively, the mecha- 

25 nism PT may be a clutch mechanism (for example, an 
electromagnetic clutch) that selectively transmits power 
in accordance with the value of an extemally supplied 
current. 

[0016] A drive plate, which is a swash plate 12 in this 

30 embodiment, is accommodated in the crank chamber 5. 
The swash plate 1 2 slides along the drive shaft 6 and 
inclines with respect to the axis of the drive shaft 6. A 
hinge mechanism 13 is provided between the lug plate 
11 and the swash plate 12. The swash plate 12 is cou- 

35 pled to the lug plate 1 1 and the drive shaft 6 through the 
hinge mechanism 13. The swash plate 12 rotates syn- 
chronously with the lug plate 11 and the drive shaft 6. 
[0017] Cylinder bores 1 a (only one is shown In Fig. 1 ) 
are formed in the cylinder block 1 at constant angular 

40 intervals around the drive shaft 6. Each cylinder bore 1 a 
accommodates a single headed piston 20 such that the 
piston 20 can reciprocate in the bore 1 a. A compression 
chamber, the volume of which varies in accordance with 
the reciprocation of the piston 20, is defined in each bore 

"^5 1 a. The front end of each piston 20 is connected to the 
periphery of the swash plate 12 through a pair of shoes 
19. The rotation of the swash plate 12 is converted into 
reciprocation of the pistons 20, and the strokes of the 
pistons 20 depend on the Inclination angle of the swash 

so plate 12. 

[001 8] The valve plate 3 and the rear housing member 
4 define, between them, a suction chamber 21 and a 
discharge chamber 22, which surrounds the suction 
chamber 21 . The valve plate 3 forms, for each cylinder 
55 bore 1 a, a suction port 23. a suction valve flap 24 for 
opening and closing the suction port 23 , a discharge port 
25, and a discharge valve flap 26 for opening and clos- 
ing the discharge port 25. The suction chamber 21 com- 
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municates with each cylinder bore 1a through the cor- 
responding suction port 23, and each cylinder bore 1a 
communicates with the discharge chamber 22 through 
the corresponding discharge port 25. 
[001 9] When each piston 20 moves from its top dead 
center position to its bottom dead center position, the 
refrigerant gas in the suction chamber 21 flows into the 
cylinder bore 1a through the corresponding suction port 
23 and the corresponding suction valve flap 24. When 
the piston 20 moves from Its bottom dead center position 
toward its top dead center position, the refrigerant gas 
in the cylinder bore la is compressed to a predeter- 
mined pressure, and it forces the corresponding dis- 
charge valve flap 26 to open. The refrigerant gas Is then 
discharged through the corresponding discharge port 
25 and the corresponding discharge valve flap 26 into 
the discharge chamber 22. 

[0020] The inclination angle of the swash plate 12 (the 
angle between the swash plate 12 and a plane perpen- 
dicular to the axis of the drive shaft 6) is determined on 
the basis of various moments such as the moment of 
rotation caused by the centrifugal force upon rotation of 
the swash plate, the moment of inertia based on the re- 
ciprocation of the pistons 20, and a moment due to the 
gas pressure. The moment due to the gas pressure is 
based on the relationship between the pressure in the 
cylinder bores la and the crank pressure Pc. The mo- 
ment due to the gas pressure increases or decreases 
the inclination angle of the swash plate 1 2 in accordance 
with the crank pressure Pc. 

[0021] In this embodiment, the moment due to the gas 
pressure is changed by controlling the crank pressure 
Pc with a displacement control valve CV. The inclination 
angle of the swash plate 12 can be changed to an arbi- 
trary angle between the minimum inclination angle 
(shown by a solid line in Fig. 1) and the maximum incli- 
nation angle (shown by a broken line In Fig. 1). 
[0022] As shown in Figs. 1 and 2, a control mecha- 
nism for controlling the crank pressure Pc includes a 
bleed passage 27, a supply passage 28 and a displace- 
ment control valve CV. The bleed passage 27 connects 
the suction chamber 21 , which Is a suction pressure (Ps) 
zone, and the crank chamber 5. The supply passage 28 
connects the discharge chamber 22, which is a dis- 
charge pressure (Pd) zone, and the crank chamber 5. 
The displacement control valve CV is provided midway 
along the supply passage 28. 

[0023] The displacement control valve CV changes 
the opening size of the supply passage 28 to control the 
flow rate of refrigerant gas flowing from the discharge 
chamber 22 to the crank chamber 5. The pressure in the 
crank chambers is changed in accordance with the re- 
lation between the flow rate of refrigerant gas flowing 
from the discharge chamber 22 into the crank chamber 
5 and the flow rate of refrigerant gas flowing out from 
the crank chamber 5 through the bleed passage 27 into 
the suction chamber 21 . In accordance with changes in 
the crank pressure Pc, the difference between the crank 



pressure Pc and the pressure in the cylinder bores la 
varies to change the inclination angle of the swash plate 
12. As a result, the stroke of the pistons 20 is changed 
to control the displacement. 
5 [0024] As shown in Figs. 1 and 2, the refrigerant circuit 
of the vehicle air conditioner includes the compressor 
and an extemal refrigerant circuit 30. The external re- 
frigerant circuit 30 includes, for example, a condenser 
31, a decompression device, which is an expansion 
10 valve 32 in this embodiment, and an evaporator 33. The 
opening of the expansion valve 32 is feedback-control- 
led on the basis of the temperature detected by a tem- 
perature sensing tube 34 provided near the outlet of the 
evaporator 33. The expansion valve 32 supplies a quan- 
tity Q of refrigerant corresponding to the themrial load to 
control the flow rate. 

[0025] In the downstream part of the external refrig- 
erant circuit 30, a low pressure passage, which is a flow 
pipe 35 in this embodiment, is provided to connect the 
outlet of the evaporator 33 with the suction chamber 21 . 
In the upstream part of the extemal refrigerant circuit 
30, a high pressure passage, which is a flow pipe 36 in 
this embodiment, Is provided to connect the discharge 
chamber 22 of the compressor with the inlet of the con- 
denser 31 . The compressor draws refrigerant gas from 
the downstream side of the external refrigerant circuit 
30, compresses the gas, and then discharges the com- 
pressed gas to the discharge chamber 22, which is con- 
nected to the upstream side of the extemal refrigerant 
circuit 30. 

[0O26] The higher the flow rate Q of the refrigerant 
flowing in the refrigerant circuit is, the greater the pres- 
sure loss per unit length of the circuit or piping is. More 
specifically, the pressure loss between two pressure 
monitoring points PI , P2 In the refrigerant circuit corre- 
lates with the flow rate of the refrigerant circuit. Detected 
difference in pressure (pressure difference APd) be- 
tween the pressure monitoring points PI and P2 repre- 
sents the flow rate of refrigerant in the refrigerant circuit. 
[0027] In this embodiment, an upstream, or first, pres- 
sure monitoring point PI is located In the discharge 
chamber 22, which is the most upstream part of the flow 
pipe 36. A downstream, or second, pressure monitoring 
point P2 is set midway along the flow pipe 36 at a posi- 
tion separated from the first pressure monitoring point 
PI by a predetermined distance. The gas pressure PdH 
at the first pressure monitoring point PI and the gas 
pressure PdL at the second pressure monitoring point 
P2 are applied to the displacement control valve CV 
through first and second pressure introduction passag- 
es 37 and 38, respectively. 

[0028] As shown In Figs. 2, 4(a) and 4(b), a pressure 
difference adjusting valve 39 is located in the flow pipe 
36 at a position between the pressure monitoring points 
P1 , P2. A section of the flow pipe 36 between the pres- 
sure monitoring points PI , P2 functions as a pressure 
difference adjusting line 36a. The pressure difference 
adjusting valve 39 is a variable restrlctor or a variable 
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throttle valve that reduces the communication area of 
the flow pipe 36. This structure Increases the pressure 
difference APd (= PdH-PdL) between the pressure mon- 
itoring points PI, P2. That is, the pressure difference 
adjusting valve 39 allows the pressure monitoring points 
PI , P2 to be separated from each other by a relatively 
small Interval while allowing the second pressure mon- 
itoring point P2 to be located relatively close to the com- 
pressor (the discharge chamber 22). Accordingly, the 
second pressure introduction passage 38, which con- 
nects the second pressure monitoring point P2 to the 
control valve CV of the compressor, is shortened. 
[0029] The pressure difference adjusting valve 39 will 
hereafter be described. As shown in Figs. 4(a) and 4(b). 
a valve chamber 81 is formed In the pressure difference 
adjusting line 36a. A step ts formed between the inner 
wall of the valve chamber 81 and the inner wall of an 
upstream section of the pressure difference adjusting 
line 36a. The step functions as a valve seat 82. A valve 
body 83 is accommodated in the valve chamber 81 and 
is moved selectively to contact and be separated from 
the valve seat 82. A cross-sectional shape of the valve 
body 83 perpendicular to the axis is circular. The valve 
body 83 includes a tapered shutter surface 83a that lin- 
early contacts the valve seat 82 along an annular path. 
A restricting line 83b extends through the valve body 83 
along its axis. The restricting line 83b thus constantly 
opens the pressure difference adjusting line 36a, re- 
gardless of the position of the valve body 83 in the valve 
chamber 81 . An urging spring 84 is accommodated in 
the valve chamber 81 and urges the valve body 83 to- 
ward the valve seat 82. 

[0030] A plurality of sources apply force to the valve 
body 83, thus determining the opening size of the valve 
body 83. The sources include the pressure acting on the 
upstream side of the valve body 83, the pressure acting 
on the downstream side of the valve body 83, and the 
urging spring 84. The valve body 83 moves in accord- 
ance with the difference between the pressure acting on 
the upstream side of the valve body 83 and the pressure 
acting on the downstream side of the valve body 83. This 
pressure difference varies in relation to the amount of 
the refrigerant flowing in the refrigerant circuit, or the re- 
frigerant flow rate Q. The opening size of the valve body 
83 is thus determined depending on the refrigerant flow 
rate Q. 

[0031] For example, if the refrigerant flow rate Q Is In 
a relatively low range, which is less than a first prede- 
termined value Q1 , the pressure difference between the 
upstream side and the downstream side of the valve 
body 83 is relatively small (see Fig. 5). The force caused 
by this pressure difference that urges the valve body 83 
to open the pressure difference adjusting line 36a thus 
becomes smaller than the force of the urging spring 84, 
which urges the valve body 83 to close the pressure dif- 
ference adjusting line 36a. Accordingly, the valve body 
83 contacts the valve seat 82, as shown in Fig. 4(a), 
thus maximizing the restriction amount of the refrigerant 



by the pressure difference adjusting vatve 39. In other 
words, the pressure difference adjusting vatve 39 mini- 
mizes the communication area of the pressure differ- 
ence adjusting line 36a to a value corresponding to the 

5 cross-sectional area of the restricting line 83b. As de- 
scribed, as long as the refrigerant flow rate Q is varied 
in the relatively low range, the pressure difference ad- 
justing vatve 39 functions as a fixed restrictor that main- 
tains the communication area of the pressure difference 

10 adjusting line 36a at a minimum value. 

[0032] If the refrigerant flow rate Q is equal to or great- 
er than the first predetennined value Q1 , the force gen- 
erated by the pressure difference between the upstream 
side and the downstream side of the valve body 83, 

15 which urges the valve body 83 to open the pressure dif- 
ference adjusting line 36a, becomes greater than the 
force of the urging spring 84, which urges the valve body 
83 to close the line 36a. Thus, as shown in Fig. 4(b), the 
valve body 83 is separated from the valve seat 82. Ac- 

20 cordingly, the pressure difference adjusting vatve 39 ad- 
justs the communication area of the pressure difference 
adjusting line 36a to a total value of the cross-sectional 
area of the restricting line 83b and the communication 
area of a refrigerant passage fomied between the shut- 

25 ter surface 83a of the valve body 83 and the valve seat 
82. 

[0033] As the refrigerant flow rate Q gradually in- 
creases from the first predetermined value Q1 , the force 
generated by the pressure difference between the up- 

30 stream side and the downstream side of the valve body 
83, which urges the valve body 83 to open the pressure 
difference adjusting line 36a, is gradually increased. 
Meanwhile, the communication area of the refrigerant 
passage between the shutter surface 83a of the valve 

35 body 83 and the valve seat 82 is also gradually in- 
creased. This decreases the restriction amount of the 
refrigerant by the pressure difference adjusting valve 
39. 

[0034] if the refrigerant flow rate Q in the refrigerant 

40 circuit is in a relatively high range, which is equal to or 
greater than a second predetemnlned value Q2, the urg- 
ing spring 84 is maximally compressed such that the dis- 
tance by which the valve body 83 is separated from the 
valve seat 82 is maximized (see Fig. 5). Thus, as shown 

45 in Fig, 4(b), the communication area of the refrigerant 
passage between the shutter surface 83a of the valve 
body 83 and the vatve seat 82 Is also maximized. This 
minimizes the restriction amount of the refrigerant by the 
pressure difference adjusting valve 39. Accordingly, as 

50 long as the refrigerant flow rate Q Is varied in the rela- 
tively high range, the pressure difference adjusting 
valve 39 functions as a fixed restrictor that maintains the 
communication area of the pressure difference adjust- 
ing line 36a as a maximum value. 

55 [0035] If the refrigerant flow rate Q is in an intermedi- 
ate range, which is between the first predetennined val- 
ue Q1 and the second predetermined value Q2, the 
pressure difference adjusting valve 39 functions as a 
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variable restrictor (variable throttle valve) that varies the 
restriction amount of the refrigerant in accordance with 
the refrigerant flow rate Q. The pressure difference ad- 
justing valve 39 decreases the restriction amount of the 
refrigerant as the refrigerant flow rate Q increases. In 
contrast, the pressure difference adjusting valve 39 in- 
creases the restriction amount of the refrigerant as the 
refrigerant flow rate Q decreases. If the restriction 
amount of the refrigerant by the pressure difference ad- 
justing valve 39 is reduced, the pressure ratio of the first 
pressure monitoring point P1 to the second pressure 
monitoring point P2 decreases. In contrast, if the restric- 
tion amount of the refrigerant by the pressure difference 
adjusting valve 39 is increased, the pressure ratio of the 
first pressure monitoring point P1 to the second pres- 
sure monitoring point P2 increases. In other words, as 
indicated by the solid line in Fig. 5, as long as the refrig- 
erant flow rate Q is varied in the intermediate range, the 
pressure difference adjusting valve 39 varies the restric- 
tion amount of the refrigerant to suppress variation in 
the pressure difference APd between the pressure mon- 
itoring points P1 , P2 with respect to variation In the re- 
frigerant flow rate Q. 

[0036] As indicated by the solid line in Fig. 5, if the 
refrigerant flow rate Q is in the intemnediate range, the 
pressure difference APd between the pressure monitor- 
ing points P1, P2 is varied at a relatively low rate with 
respect to the variation in the refrigerant flow rate Q, as 
compared to when the refrigerant flow rate Q is in the 
relatively high or low range. The spring constant of the 
urging spring 84 and the rate at which the restriction 
amount of the refrigerant by the pressure difference ad- 
justing valve 39 is varied relative to the refrigerant flow 
rate Q are selected such that the relationship between 
the refrigerant flow rate Q and the pressure difference 
APd has the characteristics indicated by the solid line of 
Fig. 6. If the refrigerant flow rate Q Is varied in the inter- 
mediate range, the pressure difference APd is varied 
with a relatively low rate and in positive correlation with 
the refrigerant flow rate Q. Regardless of the refrigerant 
flow rate Q, each value of the pressure difference APd 
corresponds to a value of the refrigerant flow rate Q. 
[0037] As shown in Fig. 3, the control valve CV has 
an inlet valve portion and a solenoid 60. The Inlet valve 
portion controls the opening of the supply passage 28, 
which connects the discharge chamber 22 with the 
crank chambers. The solenoid 60 serves as an altering 
device or an electromagnetic actuator for controlling a 
rod 40 located in the control valve CV on the basis of an 
externally supplied electric current. The rod 40 has a dis- 
tal end portion 41 , a valve body 43, a connecting portion 
42, which connects the distal end portion 41 and the 
valve body 43 with each other, and a guide 44. The valve 
body 43 is part of the guide 44. 
[0038] A valve housing 45 of the control valve CV has 
a cap 45a, an upper half body 45b and a lower half body 
45c. The upper half body 45b defines the shape of the 
Inlet valve portion. The lower half body 45c defines the 



shape of the solenoid 60. A valve chamber 46 and a 
communication passage 47 are defined in the upper half 
body 45b. The upper half body 45b and the cap 45a de- 
fine a pressure sensing chamber 48. 

5 [0039] The rod 40 moves in the axial direction of the 
control valve CV, or vertically as viewed In the drawing. 
In the valve chamber 46 and the communication pas- 
sage 47. The valve chamber 46 is selectively connected 
to and disconnected from the passage 47 in accordance 

10 with the position of the rod 40. The communication pas- 
sage 47 Is separated from the pressure sensing cham- 
ber 48 by the distal end portion 41 of the rod 40. 
[0040] The bottom wall of the valve chamber 46 is 
formed by the upper end surface of a fixed iron core 62. 

15 A first radial port 51 allows the valve chamber 46 to com- 
municate with the discharge chamber 22 through an up- 
stream part of the supply passage 28. A second radial 
port 52 allows the communication passage 47 to com- 
municate with the crank chamber 5 through a down- 

20 stream part of the supply passage 28. Thus, the first port 
51 , the valve chamber 46, the communication passage 
47, and the second port 52 form a part of the supply 
passage 28. which communicates the discharge cham- 
ber 22 with the crank chamber 5. 

25 [0041] The valve body 43 of the rod 40 is located in 
the valve chamber 46. The inner diameter of the com- 
munication passage 47 is larger than the diameter of the 
connecting portion 42 of the rod 40 and Is smaller than 
the diameter of the guide 44. That is, the opening area 

30 SB of the communication passage 47 (the cross sec- 
tional area of the distal end portion 41) is largerthan the 
cross sectional area of the connecting portion 42 and 
smaller than the cross sectional area of the guide 44. A 
valve seat 53 is formed at the opening of the communi- 

35 cation passage 47 (around the valve hole). 

[0042] When the rod 40 moves from the lowest posi- 
tion shown In Fig. 3 to the highest position, at which the 
valve body 43 contacts the valve seat 53, the commu- 
nication passage 47 Is closed. Thus, the valve body 43 

40 of the rod 40 serves as an inlet valve body that controls 
the opening of the supply passage 28. 
[0043] A cup-shaped pressure sensing member 54 is 
located in the pressure sensing chamber 48. The pres- 
sure sensing member 54 moves axially In the pressure 

45 sensing chamber 48 and divides the pressure sensing 
chamber 48 into a first pressure chamber 55 and a sec- 
ond pressure chamber 56. The pressure sensing mem- 
ber 54 serves as a partition that separates the chambers 
55 and 56 from each other and cuts off communication 

50 between the chambers 55 and 56. The cross sectional 
area SA of the pressure sensing member 54 is larger 
than the opening area SB of the communication pas- 
sage 47. 

[0044] A coll spring 50 is located In the first pressure 
ss chamber 55. The spring 50 urges the pressure sensing 
member 54 toward the second pressure chamber 56. 
[0045] The first pressure chamber 55 communicates 
with the discharge chamber 22, and the first pressure 
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monitoring point PI , through a port 57 formed in the cap 
45a and through the first pressure introduction passage 
37. The second pressure chamber 56 communicates 
with the second pressure monitoring point P2 through a 
port 58 formed in the upper half body 45b of the vatve 
housing 45 and through the second pressure introduc- 
tion passage 38. Therefore, the first pressure chamber 
55 is exposed to the monitored pressure PdH of the first 
pressure monitoring point P1 , and the second pressure 
chamber 56 is exposed to the monitored pressure PdL 
of the second pressure monitoring point P2. 
[0046] The solenoid 60 includes a cup-shaped cylin- 
der 61 . A fixed iron core 62 is fitted in the upper part of 
the cylinder 61 . A solenoid chamber 63 Is defined In the 
cylinder 61 . A movable Iron core 64 Is accommodated 
to move axially In the solenoid chamber 63. An axially 
extending guide hole 65 is fonned in the central portion 
of the fixed iron core 62. The guide 44 of the rod 40 is 
located to move axially in the guide hole 65. 
[0047] The proximal end of the rod 40 is accommo- 
dated in the solenoid chamber 63. More specifically, the 
lower end of the guide 44 Is fitted in a hole formed at the 
center of the movable Iron core 64 and fixed by crimping. 
Thus, the movable iron core 64 and the rod 40 move 
integrally and axially. 

[0048] A valve body urging coil 66 is located between 
the fixed and movable iron cores 62 and 64 in the sole- 
noid chamber 63. The spring 66 urges the movable iron 
core 64 away from the fixed iron core 62. The spring 66 
urges the rod 40 (the valve body 43) downward. 
[0049] A coll 67 Is wound about the fixed core 62 and 
the movable core 64. The coll 67 receives drive signals 
from a drive circuit 71 based on commands from a con- 
troller 70. The coil 67 generates an electromagnetic 
force F that corresponds to the value of the current from 
the drive circuit 71. The electromagnetic force F urges 
the movable core 64 toward the fixed core 62. The elec- 
tric current supplied to the coil 67 is controlled by con- 
trolling the voltage applied to the coll 67. This embodi- 
ment employs duty control for controlling the applied 
voltage. 

[0050] The position of the rod 40 In the control valve 
CV, i.e., the valve opening of the control valve CV, is 
determined as follows. In the following description, the 
influence of the pressure of the valve chamber 46, the 
communication passage 47, and the solenoid chamber 
63 on the position of the rod 40 will not be taken into 
account. 

[0051] When no current Is supplied to the coil 67 (Dt 
= 0%) as shown In Fig. 3, the downward force f1+f2 of 
the springs 50 and 66 is dominant. As a result, the rod 
40 is moved to its lowemriost position and causes the 
valve body 43 to fully open the communication passage 
47. Accordingly, the crank pressure Pc is maximized un- 
derthe current circumstances. Therefore, the difference 
between the crank pressure Pc and the pressure in the 
cylinder bores 1 a is great, which minimizes the inclina- 
tion angle of the swash plate 12 and the compressor 



displacement. 

[0052] When a current of the minimum duty ratio Dt 
(min) is supplied to the coll 67, the upward electromag- 
netic force F Is greater than the downward force f1+f2 

s of the springs 50 and 66, which moves the rod 40 up- 
ward. The upward electromagnetic force F is weakened 
by the downward force f2 of the spring 66. The net up- 
ward force {F-f2) acts against the net downward force 
of the downward force f 1 of the spring 50 and the force 

10 based on the pressure difference APd. Thus the valve 
body 43 of the rod 40 Is positioned relative to the valve 
seat 53 to satisfy the following equation: 

,3 PdH.SA-PdL(SA-SB)=F-f 1 -f2 

[0053] For example, if the flow rate of the refrigerant 
in the refrigerant circuit is decreased because of a de- 
crease in speed of the engine E, the downward force 

20 based on the pressure difference APd between the two 
points decreases, and the electromagnetic force F, at 
this time, cannot balance the forces acting on the rod 
40. Therefore, the rod 40 moves upward, which com- 
presses the springs 50 and 66. The valve body 43 of the 

25 rod 40 is positioned such that the increase in the down- 
ward force f 1 +f2 of the springs 50 and 66 compensates 
for the decrease in the downward force between on the 
pressure difference APd between the two points. As a 
result, the opening of the communication passage 47 is 

30 reduced and the crank pressure Pc is decreased. As a 
result, the difference between the crank pressure Pc 
and the pressure In the cylinder bores 1 a is reduced, the 
inclination angle of the swash plate 12 is increased, and 
the displacement of the compressor is increased. The 

35 increase in the displacement of the compressor increas- 
es the flow rate of the refrigerant in the refrigerant circuit 
to increase the pressure difference APd between the 
two points. 

[0054] In contrast, when thef low rate of the refrigerant 

40 In the refrigerant circuit is increased due to an increase 
in the speed of the engine E, the downward force based 
on the pressure difference APd between the two points 
Increases and the current electromagnetic force F can- 
not balance the forces acting on the rod 40. Therefore, 

45 the rod 40 moves downward, which expands the springs 
50 and 66. The valve body 43 of the rod 40 is positioned 
such that the decrease in the downward force f1+f2 of 
the springs 50 and 66 compensates for the increase in 
the downward force based on the pressure difference 

so APd between the two points. As a result, the opening of 
the communication passage 47 Is increased, the crank 
pressure Pc is increased, and the difference between 
the crank pressure Pc and the pressure in the cylinder 
bores 1a is increased. Accordingly, the inclination angle 

ss of the swash plate 12 is decreased, and the displace- 
ment of the compressor is also decreased. The de- 
crease In the displacement of the compressor decreas- 
es the flow rate of the refrigerant in the refrigerant circuit, 
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which decreases the pressure difference APd. 
[0055] When the duty ratio Dt of the electric current 
supplied to the coil 67 Is increased to increase the eiec- 
tromagnetic force F, the pressure difference APd be- 
tween the two points cannot balance the forces on the 
rod 40. Therefore, the rod 40 moves upward, which 
compresses the springs 50 and 66. The valve body 43 
of the rod 40 is positioned such that the increase in the 
downward force f 1 +f2 of the springs 50 and 66 compen- 
sates for the increase in the upward electromagnetic 
force F. As a result, the opening of the control valve CV, 
or the opening of the communication passage 47, is re- 
duced and the displacement of the compressor Is in- 
creased. Accordingly, the flow rate of the refrigerant in 
the refrigerant circuit is increased to increase the pres- 
sure difference APd. 

[0056] When the duty ratio Dt of the electric current 
supplied to the coit 67 is decreased and the electromag- 
netic force F is decreased accordingly, the pressure dif- 
ference APd between the two points cannot balance the 
forces acting on the rod 40. Therefore, the rod 40 moves 
downward, which decreases the downward force f1+f2 
of the springs 50 and 66. The valve body 43 of the rod 
40 is positioned such that the decrease in the force f 1 -i-f2 
of the springs 50 and 66 compensates for the decrease 
in the upward electromagnetic force R As a result, the 
opening of the communication passage 47 is increased 
and the displacement of the compressor is decreased. 
Accordingly, the flow rate of the refrigerant in the refrig- 
erant circuit Is decreased, which decreases the pres- 
sure difference APd. 

[0057] As described above, the target value of the 
pressure difference APd is determined by the electro- 
magnetic force F. The control valve CV automatically de- 
termines the position of the rod 40 according to changes 
of the pressure difference APd to maintain thetarget val- 
ue of the pressure difference APd. The target value of 
the pressure difference APd is varied between a mini- 
mum value, which corresponds to the minimum duty ra- 
tio Dt(min), and a maximum value, which corresponds 
to the maximum duty ratio Dt(max), for example 100%. 
[0058] As shown in Figs. 2 and 3, the vehicle air con- 
ditioner has a controller 70, The controiler 70 is a com- 
puter control unit including a CPU, a ROM, a RAM, and 
an I/O interface. An extemal infonnation detector 72 is 
connected to the input terminal of the I/O interface. A 
drive circuit 71 is connected to the output terminal of the 
I/O interface. 

[0059] The controller 70 periderms an arithmetic oper- 
ation to determine a proper duty ratio Dt on the basis of 
various pieces of external information, which is detected 
by the external information detector 72, and instructs the 
drive circuit 71 to output a drive signal corresponding to 
the duty ratio Dt. The drive circuit 71 outputs the drive 
signal of the Instructed duty ratio Dt to the coll 67. The 
electromagnetic force F by the solenoid 60 of the control 
valve CV varies In accordance with the duty ratio Dt of 
the drive signal supplied to the coll 67. 



[0060] The external infonnation detector 72 is a group 
of devices for detecting the extemal information that re- 
flects the cooling performance required for the refriger- 
ant circuit. Sensors of the external information detector 

s 72 Include, e.g., an A/C switch (ON/OFF switch of the 
air conditioner operated by the passenger or the lil<e) 
73, a temperature sensor 74 for detecting an in-vehicle 
temperature Te(t), and a temperature setting unit 75 for 
setting a desired target value Te(set) of the in-vehicle 

10 temperature. 

[0061] Next, the duty control of the control valve CV 
by the controller 70 will be described with reference to 
the flowchart of Fig. 6. 

[0062] When the Ignition switch (or the start switch) of 

IS the vehicle is tumed on , the controller 70 is supplied with 
an electric current to start processing. In step S1 01 , the 
controller 70 makes various initializations. For example, 
the controller 70 sets an initial duty ratio Dt of zero. After 
this, condition monitoring and internal processing of the 

20 duty ratio Dt are performed. 

[0063] In step SI 02, the controller 70 monitors the 
ON/OFF state of the A/C switch 73 until the switch 73 is 
tumed on. When the AJC switch 73 is tumed on, In step 
81 03, the controller 70 sets the duty ratio Dt of the con- 

25 trol valve CV to the minimum duty ratio Dt(min) and 
starts the internal self-control function (target pressure 
difference maintenance) of the control valve CV. 
[0064] In step 81 04, the controller 70 judges whether 
the detected temperature Te(t) by the temperature sen- 

30 sor 74 Is higher than the target temperature Te(set). If 
step SI 04 is negative, In step SI 05, the controller 70 
further judges whether the detected temperature Te(t) 
is lower than the target temperature Te(set). When step 
81 05 is negative, then the detected temperature Te(t) is 

35 equal to the target temperature Te(set). Therefore, the 
duty ratio Dt need not be changed. Thus, the controller 
70 does not Instruct the drive circuit 71 to change the 
duty ratio Dt and step SI 08 is performed. 
[0065] If step 81 04 Is positive, the interior of the ve- 

40 hide is hot and the thermal load is high. Therefore, in 
step SI 06, the controller 70 increases the duty ratio Dt 
by a unit quantity AD and instructs the drive circuit 71 to 
increment the duty ratio Dt to a new value (Dt+AD). As 
a result, the valve opening of the control valve CV is 

45 somewhat reduced, the displacement of the compres- 
sor is increased, the ability of the evaporator 33 to trans- 
fer heat Is increased, and the temperature Te(t) is low- 
ered. 

[0066] If step 8105 is positive, the interior of the ve- 
50 hide is relatively cool and the themnal load is low. There- 
fore, in step 81 07, the controller 70 decrements the duty 
ratio Dt by a unit quantity AD, and instructs the drive 
circuit 71 to change the duty ratio IDt to the new value 
(Dt-AD). As a result, the valve opening of the control 
55 valve CV Is somewhat Increased, the displacement of 
the compressor is decreased, the ability of the evapo- 
rator 33 to transfer heat is reduced, and the temperature 
Te(t) Is raised. 



8 



15 



EP 1 162 370 A2 



16 



[0067] In step SI 08, it is judged whether or not the A/ 
C switch 73 is turned off. If step SI 08 is negative, step 
SI 04 is performed. When step S108 Is positive, step 
S101 , in which the supply of the current to the control 
valve CV is stopped, is performed. 
[0068] As described above, by changing the duty ratio 
Dt in step 8106 and/or 81 07, even when the detected 
temperature Te(t) deviates from the target temperature 
Te(set), the duty ratio Dt is gradually optimized and the 
detected temperature Te(t) converges to the vicinity of 
the target temperature Te(set). 

[0069] The above illustrated embodiment has the fol> 
lowing advantages. 

(1 ) In the first embodiment, the suction pressure Ps, 
which is influenced by the thermal load in the evap- 
orator 33, Is not directly referred to for controlling 
the opening of the control valve CV. Instead, the 
pressure difference APd between the pressure 
monitoring points PI and P2 in the refrigerantclrcult 
is directly controlled for feedback controlling the dis- 
placement of the compressor. Therefore, the dis- 
placement is scarcely influenced by the thermal 
load of the evaporator 33. In other words, the dis- 
placement is quickly and accurately controlled by 
external control of the controller 70. 

(2) Two comparison examples will hereafter be dis- 
cussed. 

In each example, a fixed restrictor, instead of the 
pressure difference adjusting valve 39 of the first 
embodiment, Is located between the first pressure 
monitoring point PI and the second pressure mon- 
itoring point P2. in Example 1, the restriction 
amount of the refrigerant by the fixed restrictor is 
equal to that of the pressure difference adjusting 
valve 39 in the state of Fig. 4(a). In Example 2, the 
restriction amount of the refrigerant by the fixed re- 
strictor is equal to that of the pressure difference 
adjusting valve 39 in the state of Fig. 4(b). 

As shown in Fig. 5, the pressure ratio of the first 
pressure monitoring point PI to the second pres- 
sure monitoring point P2 is increased in Example 1 
in which the restriction amount of the refrigerant by 
the fixed restrictor is relatively large. Thus, the pres- 
sure difference APd between the pressure monitor- 
ing points PI . P2 is varied at a relatively high rate 
with respect to the variation in the refrigerant flow 
rate Q. Accordingly, as long as the refrigerant flow 
rate Q remains in the relatively low range, the re- 
frigerant flow rate Q can be controlled accurately by 
altering the duty ratio Dt In a relatively large range. 
However, if the refrigerant flow rate Q is in the rel- 
atively high range, the pressure difference APd be- 
tween the pressure monitoring points P1 , P2 be- 
comes excessively high. In this state, even though 
the duty ratio Dt is maximized, or the target value 
of the pressure difference APd is maximized, the 



corresponding refrigerant flow rate Q remains rela- 
tively small. This makes it impossible to increase 
the maximum controllable flow rate Qmax In the re- 
frigerant circuit. 

5 In Example 2 in which the restriction amount of 

the refrigerant by the fixed restrictor is relatively 
small, the pressure ratio of the first pressure moni- 
toring point P1 to the second pressure monitoring 
point P2 Is decreased. Thus, the pressure differ- 
to ence APd between the pressure monitoring points 
PI , P2 Is varied at a relatively low rate with respect 
to the variation in the refrigerant flow rate Q. Ac- 
cordingly, if the duty ratio Dt is maximized, or the 
target value of the pressure difference APd is max- 

'5 Imized, the corresponding refrigerant rate Q be- 
comes relatively large. It is thus possible to increase 
the maximum controllable flow rate Qmax in the re- 
frigerant circuit. However, as long as the refrigerant 
flow rate Q is varied in the relatively low range, the 

20 pressure difference APd is varied at an excessively 
tow rate with respect to the variation in the refriger- 
ant flow rate Q. In this state, or If the refrigerant flow 
rate Q is varied in the relatively low range, the duty 
ratio Dt must be varied in a relatively small range, 

^5 thus decreasing the control accuracy of the refrig* 
erant flow rate Q. 

In contrast, In the illustrated embodiment, the 
pressure difference adjusting valve 39 located be- 
tween the first and second pressure monitoring 

30 point PI , P2 functions as a variable restrictor. The 
pressure difference adjusting valve 39 automattoal- 
ly adjusts the restriction amount of the refrigerant in 
relation to the refrigerant flow rate Q. Thus, the re- 
lationship between the refrigerant flow rate Q and 

35 the pressure difference APd may be altered to ob- 
tain characteristics like those of Example 1 or Ex- 
ample 2 (as indicated by the solid lines in Fig. 5). 
The pressure difference adjusting valve 39 increas- 
es the restriction amount of the refrigerant If the re- 

40 frigerant flow rate Q is in the relatively low range. In 
contrast, the pressure difference adjusting valve 39 
decreases the restriction amount of the refrigerant 
if the refrigerant flow rate Q is In the relatively high 
range. Accordingly, the pressure difference adjust- 

45 ing valve 39 optimally controls the refrigerant flow 
rate Q when the refrigerant flow rate Q is in the rel- 
atively low range. Further, it is possible to increase 
the maximum controllable refrigerant flow rate 
Qmax. 

50 

(3) A compressor for a vehicle air conditioner is gen- 
erally accommodated in small engine compartment, 
which limits the size of the compressor. Therefore, 
the size of the control valve CV and the size of the 
S5 solenoid 60 (coil 67) are limited. Also, the solenoid 
60 Is generally driven by a battery that is used for 
controlling the engine. The voltage of the battery is, 
for example, between twelve to twenty-four volts. 
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To increase the maximum controllable flow rate 
Qmax in the comparison example 1 of fig. 5, the 
maximum level of the etectromagnetic force F of the 
solenoid 60, which represents the maximum pres- 
sure difference, may be Increased. To increase the 
maximum level of the electromagnetic force F, the 
size of the coil 67 must be increased or the voltage 
of the power source must be increased. However, 
this requires a significant change of the existing de- 
sign of the surrounding devices and is therefore al- 
most impossible, in the illustrate embodiment, the 
pressure difference adjusting valve 39 alters the re- 
lationship between the refrigerant flow rate Q and 
the pressure difference APd as desired. It Is thus 
possible to increase the maximum controllable flow 
rate Qmax without enlarging the coil 67 or increas- 
ing the voltage of the power source. Further, the re- 
frigerant flow rate Q is optimally controlled when the 
refrigerant flow rate Q is in the relatively low range. 

(4) The pressure difference adjusting valve 39 Is op- 
erated In accordance with the pressure difference 
between the upstream side and the downstream 
side of the pressure difference adjusting valve 39. 
It is thus unnecessary to provide a sensor for elec- 
trically detecting the refrigerant flow rate Q In the 
refrigerant circuit or a control device for operating 
the valve body 83 of the pressure difference adjust- 
ing valve 39 in accordance with the detecting result 
of the sensor. This decreases the cost for the air 
conditioner. 

(5) The pressure difference APd in the control valve 
CV is mechanically detected and directly affects the 
position of the rod 40 (the valve body 43). There- 
fore, the control valve CV does not require an ex- 
pensive pressure sensor for electrically detecting 
the pressure difference APd. This reduces the 
number of parameters for computing the duty ratio 
Dt and, thus, reduces the calculation load of the 
controller 70. 

(6) The section of the flow pipe 36 between the pres- 
sure monitoring points PI , P2 functions as the pres- 
sure difference adjusting line 36a. It is thus unnec- 
essary to fomri a separate pressure difference ad- 
justing line. 

Second embodiment 

[0070] As shown in Fig. 7, a fixed restrictor91 , instead 
of the pressure difference adjusting valve 39, is located 
in the section of the flow pipe 36 between the first pres- 
sure monitoring point PI and the second pressure mon- 
itoring point P2. The restriction amount of the refrigerant 
by the fixed restrictor 91 is equal to the restriction 
amount of the refrigerant by the pressure difference ad- 
Justing valve 39 In the state of Fig. 4(a). A pressure dif- 



ference adjusting valve 92, which is a variable restrictor 
or a variable throttle valve, is located in the control valve 
CV at a position between the first pressure chamber 55 
and the second pressure chamber 56. The pressure dif- 
5 ference adjusting valve 92 Is located parallel with the 
flow pipe 36. 

[0071 ] The pressure difference adjusting valve 92 will 
now be described in detail. A valve chamber 93 is 
formed in the pressure sensing member 54 at a position 
10 between the first pressure chamber 55 and the second 
pressure chamber 56. The valve chamber 93 is connect- 
ed to the first pressure chamber 55 through a first com- 
munication passage 93a. The valve chamber 93 is con- 
nected to the second pressure chamber 56 through a 
plurality of communication passages 93b. The first com- 
munication passage 93a, the valve chamber 93, and the 
second communication passages 93b form a pressure 
difference adjusting line that connects the first pressure 
chamber 55, or a high pressure zone, to the second 
pressure chamber 56, or a low pressure zone. 
[0072] A wall section of the first communication pas- 
sage 93a that forms an opening to the valve chamber 
93 functions as a valve seat 94. A valve body 95 is lo- 
cated in the valve chamber 93. The valve body 95 is 
moved selectively to contact and be separated from the 
valve seat 94. The first communication passage 93a 
functions as a valve hole that is selectively opened and 
closed by the valve body 95. An urging spring 96 is lo- 
cated in the valve chamber 93 to urge the valve body 

95 toward the valve seat 94. 

[0073] The opening area of the first communication 
passage 93a, which is altered by the valve body 95, is 
detemilned in accordance with equilibrium among the 
force generated by the difference between the pressure 
in the first pressure chamber 55 and the pressure in the 
second pressure chamber 56, both of which act on the 
valve body 95. and the force of the urging spring 96, 
which also acts on the valve body 95. The force gener- 
ated by the pressure difference between the first pres- 
sure chamber 55 and the second pressure chamber 56 
urges the valve body 95 to open the first communication 
passage 93a. In contrast, the force of the urging spring 

96 urges the valve body 95 to close the first communi- 
cation passage 93a, As explained regarding the first em- 
bodiment shown in Figs. 1 to 6, the pressure difference 
between the first pressure chamber 55 and the second 
pressure chamber 56, which is the difference APd be- 
tween the pressure PdH at the first pressure monitoring 
point PI and the pressure PdL the second pressure 
monitoring point P2, is varied in relation to the refrigerant 
flow rate Q in the refrigerant circuit. Thus, the opening 
size of the pressure difference adjusting valve 92 is ad- 
justed in accordance with the refrigerant flow rate Q in 
the refrigerant circuit. 

[0074] For example. If the refrigerant flow rate Q in 
the refrigerant circuit is in a relatively low range which 
is less than the predetemiined value Q3 or an interme- 
diate range, the pressure difference between the first 
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pressure chamber 55 andthe second pressure chamber 
56 is relatively small (see Fig. 9). The force generated 
by the pressure difference between the first and second 
pressure chambers 55, 56, which urges the valve body 
95 to open the first communication passage 93a, is thus 
smallerthan the force of the urging spring 96, which urg- 
es the valve body 95 to close the first communication 
passage 93a. Accordingly, as shown in Fig. 7, the valve 
body 95 contacts the valve seat 94, thus closing the first 
communication passage 93a. 

[0075] When the first communication passage 93a is 
closed, the pressure difference between the first pres- 
sure chamber 55 and the second pressure chamber 56 
is equal to the pressure difference APd between the first 
pressure monitoring point PI and the second pressure 
monitoring point P2. The restriction amount of the refrig- 
erant by the fixed restrictor 91 , which is located between 
the first pressure monitoring point P1 and the second 
pressure monitoring point P2, is relatively large. The 
pressure ratio of the first pressure monitoring point PI 
to the second pressure monitoring point P2, or the pres- 
sure ratio of the first pressure chamber 55 to the second 
pressure chamber 56, Is thus relatively large. Accord- 
ingly, as shown in Fig. 9, the pressure difference be- 
tween the first and second pressure chambers 55, 56 is 
varied with a relatively high rate with respect to variation 
in the refrigerant flow rate Q. As a result, the refrigerant 
flow rate Q is controlled with an Increased accuracy par- 
ticularly when the refrigerant flow rate Q is In the rela- 
tively low range. 

[0076] When the refrigerant flow rate Q In the refrig- 
erant circuit is in a relatively high range, which is more 
than the value Q3, the force generated by the pressure 
difference between the pressure chambers 55, 56 is 
greater than the force of the urging spring 96. Accord- 
ingly, as shown in Fig. 8, the valve body 95 is separated 
from the valve seat 94, thus opening the first communi- 
cation passage 93a. 

[0077] When the first communication passage 93a is 
open, the pressure in the first pressure chamber 55 is 
supplied to the second pressure chamber 56 through 
the pressure difference adjusting line (the first commu- 
nication passage 93a, the valve chamber 93, and the 
second communication passages 93b). The pressure in 
the first pressure chamber 55 thus becomes smaller 
than the pressure PdH at the first pressure monitoring 
point PI . In contrast, the pressure in the second pres- 
sure chamber 56 becomes greater than the pressure 
PdL at the second pressure monitoring point P2. In this 
state, the pressure ratio of the first pressure chamber 
55 to the second pressure chamber 56 is relatively 
small, as compared to when the first communication 
passage 93a is closed. Accordingly, as shown in Fig. 9, 
the pressure difference between the first pressure 
chamber 55 and the second pressure chamber 56 is var- 
ied at a relatively low rate with respect to the variation 
in the refrigerant flow rate Q. As a result, if the duty ratio 
Dt is maximized, or the target value of the pressure dif- 



ference APd between the first and second pressure 
monitoring points PI , P2 is maximized, the correspond- 
ing refrigerant flow rate Q becomes relatively large. This 
makes it possible to increase the maximum controllable 
s refrigerant flow rate Qmax in the refrigerant circuit. 
[0078] In addition to the advantages (1) to (5) of the 
first embodiment, which Is Illustrated In Figs. 1 to 6, the 
second embodiment has the following advantages. 

10 (1) The pressure difference adjusting line (the first 
communication passage 93a, the valve chamber 
93, and the second communication passages 93b), 
which is located between the first pressure chamber 
55 and the second pressure chamber 56, Is located 

IS parallel with the flow pipe 36. Unlike the flow pipe 
36, which forms a relatively large passage in which 
the refrigerant flows from the discharge chamber 22 
of the compressor, the pressure difference adjust- 
ing line is a relatively small refrigerant passage 

20 used for controlling the compressor displacement. 
Accordingly, the pressure difference adjusting valve 
92, whteh is located in the pressure difference ad- 
justing line, becomes relatively small. The pressure 
difference adjusting valve 92 is thus easily incorpo- 

25 rated in the control valve CV. 

(2) The pressure difference adjusting valve 92 is In- 
corporated in the control valve CV. It is thus unnec- 
essary to handle the pressure adjusting valve 92 
30 separately from the control valve CV when assem- 
bling the air conditioner. The air conditioner Is thus 
efficiently and easily assembled. 

Third embodiment 

35 

[0079] As shown in Fig. 1 0, a pressure difference ad- 
justing valve 101 of the third embodiment according to 
the present Invention has a different structure from that 
of the pressure difference adjusting valve 92 of the sec- 

40 ond embodiment, which is shown in Figs. 7 to 9. More 
specifically, a pressure difference adjusting line 102 ex- 
tends through abase wall of the pressure sensing mem- 
ber 54 to connect the first pressure chamber 55 to the 
second pressure chamber 56. A support rod 103 

45 projects from an end of the distal end portion 41 of the 
rod 40. The support rod 1 03 thus extends from the sec- 
ond pressure chamber 56 to the first pressure chamber 
55 through the pressure difference adjusting tine 1 02. A 
valve body 1 04 is secured to the distal end of the support 

50 rod 1 03 and Is received in the first pressure chamber 
55. A wall section of the pressure difference adjusting 
line 102 that forms an opening to the first pressure 
chamber 55 functions as a valve seat 105. The valve 
body 1 04 contacts the valve seat 1 05. 

55 [0080] The pressure sensing member 54 moves rel- 
ative to the rod 40, thus moving the valve body 104 to 
contact or be separated from the valve seat 1 05. An urg- 
ing spring 1 06 is located between the pressure sensing 
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member 54 and the distal end portion 41 of the rod 40. 
The urging spring 1 06 urges the pressure sensing mem- 
ber 54 and the rod 40 to move away from each other. 
That is, the urging spring 106 generates the force that 
urges the valve seat 1 05 and the valve body 1 04 toward s 
each other. 

[0081] The opening size of the pressure difference 
adjusting line 1 02, which is altered by the valve body 
104, is determined in accordance with equilibrium 
among the force caused by the difference between the 
pressure in the first pressure chamber 55 and the pres- 
sure in the second pressure chamber 56. both of which 
act on the pressure sensing member 54, the force f 1 of 
the spring 50 applied to the pressure sensing member 
54, and the force of the urging spring 106. The force 
generated by the pressure difference between the first 
pressure chamber 55 and the second pressure chamber 
56 and the force f 1 of the spring 50 both act to move the 
vaive seat 1 05 and the valve body 1 04 away from each 
other. 

[0082] For example, if the refrigerant flow rate Q in 
the refrigerant circuit is in the relatively low range which 
is less than the predetenmined valve Q3 or the intemne- 
diate range, the pressure difference between the first 
pressure chamber 55 and the second pressure chamber 
56 is relatively small (see Fig. 9). Thus, the force result- 
ing from the force caused by the pressure difference be- 
tween the pressure chambers 55, 56 and the force f 1 of 
the spring 50 is smaller than the force of the urging 
spring 106. In this state, as shown in Fig. 10, the valve 
body 1 04 contacts the valve seat 105, thus closing the 
pressure difference adjusting line 102. 
[0083] If the refrigerant flow rate Q in the refrigerant 
circuit is in the relatively high range, which is more than 
the value Q3, the force resulting from the force caused 
by the pressure difference between the pressure cham- 
bers 55, 56 and the force f1 of the spring 50 is larger 
than the force of the urging spring 1 06. In this state, as 
shown in Fig. 11 , the valve body 104 Is separated from 
the valve seat 1 05, thus opening the pressure difference 
adjusting line 102. 

[0084] As described, the third embodiment of the 
present invention operates in the same manner as the 
second embodiment, which is illustrated in Figs. 7 to 9, 
and has the same advantages as those of the second 
embodiment. 

Fourth embodiment 

[0085] The fourth embodiment of the present Inven- 
tion is different from the second embodiment in the fol- 
lowing points. More specifically, as shown in Figs. 12 
and 12A, the first pressure introduction passage 37, or 
a high pressure zone, and the second pressure intro- 
duction passage 38, or a low pressure zone, are con- 
nected to each other through a pressure difference ad- 
justing line 98, which is located in the exterior of the con- 
trol valve CV. A pressure difference adjusting vaive 92 



is located in the pressure difference adjusting line 98. 
[0086] In the fourth embodiment, like the second em- 
bodiment illustrated in Figs. 7 to 9, the pressure differ- 
ence adjusting valve 92 opens the pressure difference 
adjusting line 98 if the refrigerant flow rate Q in the re- 
frigerant circuit is in the relatively high range, which is 
more than the value Q3 (see Fig. 9). Accordingly, some 
pressure supplied from the first pressure monitoring 
point PI to the first pressure chamber 55 through the 
first pressure introduction passage 37 is provided to the 
second pressure chamber 56 through the pressure dif- 
ference adjusting line 98 and the second pressure intro- 
duction passage 38. As a result, the pressure In the first 
pressure chamber 55 becomes smaller than the pres- 
sure PdH at the first pressure monitoring point PI. In 
contrast, the pressure in the second pressure chamber 
56 becomes larger than the pressure PdL at the second 
pressure monitoring point P2. 

[0087] In this state, the pressure ratio of the first pres- 
sure chamber 55 to the second pressure chamber 56 
becomes smaller, as compared to when the pressure 
difference adjusting line 98 is closed. The pressure dif- 
ference between the first and second pressure cham- 
bers 55, 56 is thus varied at a relatively low rate with 
respect to variation in the refrigerant flow rate Q, as in- 
dicated by the graph of Fig. 9. This makes it possible to 
increase the maximum controllable refrigerant flow rate 
Qmax in the refrigerant circuit. 

[0088] The fourth embodiment of the present inven- 
tion has the same advantages as the items (1) to (5) of 
the first embodiment and the Item (1 ) of the second em- 
bodiment. 

[0089] The present invention may be embodied as the 
following modifications without departing from the sprit 
of the present Invention. 

[0090] The arrangement of the pressure difference 
adjusting line, which is provided with the pressure dif- 
ference adjusting valve, may be modified as long as the 
passage connects a high pressure zone between the 
first pressure monitoring point PI and the first pressure 
chamber 55 to a low pressure zone between the second 
pressure monitoring point P2 and the second pressure 
chamber 56. 

[0091] As labeled as another embodiment in Fig. 2, 
the first pressure monitoring point PI may be located 
between the evaporator 33 and the suction chamber 21 
(in the pipe 35 in the drawing), and the second pressure 
monitoring point P2 may be located in the suction pres- 
sure zone and downstream of the first pressure moni- 
toring point PI (in the suction chamber 21 In the draw- 
ing). 

[0092] The first pressure monitoring point P1 may be 
located between the discharge chamber 22 and the con- 
denser 31 , and the second pressure monitoring point 
P2 may be located between the evaporator 33 and the 
suction chamber 21 . 

[0093] The pressure difference adjusting valve may 
be a manually operated type. 
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[0094] The control valve may be a so-called outlet 
control valve for controlling the crank pressure Pc by 
controlling the opening of the bleed passage 27. 
[0095] The present invention can be embodied in an 
air conditioner having a wobble type variable displace- 
ment compressor. 

[0096] A clutch mechanism such as an electromag- 
netic clutch may be employed as the power transmis- 
sion mechanism PT. 

[0097] Therefore, the present examples and embod- 
iments are to be considered as illustrative and not re- 
strictive and the invention is not to be limited to the de- 
tails given herein, but may be modified within the scope 
and equivalence of the appended claims. 
[0098] A control valve (CV) is located in a variable dis- 
placement compressor incorporated in a refrigerant cir- 
cuit. The control valve (CV) controls the displacement 
of the compressor In accordance with a pressure differ- 
ence between a first pressure monitoring point (P1 ) and 
a second pressure monitoring point (P2), which are lo- 
cated in the refrigerant circuit, such that the pressure 
difference seel<s a predetemnined target value. An ad- 
Justing valve (39), which is a variable throttle valve, is 
located in a section of the refrigerant circuit between the 
first and second pressure monitoring points (P1, P2). 
The adjusting valve (39) adjusts the restriction amount 
of the refrigerant in relation to the refrigerant flow in the 
refrigerant circuit. The compressor displacement is thus 
optimally controlled. 



Claims 

1 . An air conditioning apparatus provided with a refrig- 
erant circuit including a variable displacement com- 
pressor, 

characterized by: 

a displacement control mechanism, which con- 
trols the displacement of the compressor in re- 
lation to a pressure difference between a first 
pressure monitoring point (P1) and a second 
pressure monitoring point (P2) in the refrigerant 
circuit such that the pressure difference seeks 
a predetermined target value, wherein the sec- 
ond pressure monitoring point (P2) is located 
downstream of the first pressure monitoring 
point (PI), and the displacement control mech- 
anism has an altering device (60) for altering 
the target value; 

a first pressure introducing passage (37), which 
introduces the pressure at the first pressure 
monitoring point (P1) to the displacement con- 
trol mechanism, wherein the first pressure 
monitoring point (PI) and the first pressure in- 
troducing passage (37) form a high pressure 
zone; 

a second pressure introducing passage (38), 



which introduces the pressure at the second 
pressure monitoring point (P2) to the displace- 
ment control mechanism, wherein the second 
pressure monitoring point (P2) and the second 
s pressure introducing passage (38) form a low 

pressure zone; 

an adjusting line (36a; 93a, 93, 93b; 102; 98), 
which connects the high pressure zone to the 
low pressure zone; and 
10 an adjusting valve (39; 92; 101), which adjusts 

the opening size of the adjusting line (36a; 93a, 
93, 93b; 102; 98). 

2. The air conditioning apparatus as set forth in claim 
IS 1 , characterized In that the compressor includes 

a crank chamber (5), an inclinable drive plate (12), 
which is accommodated in the crank chamber (5), 
and a piston (20), which is reciprocated by the drive 
plate (12), wherein an Inclination angle of the drive 

20 plate (1 2) is varied in accordance with the pressure 
in the crank chamber (5), the inclination angle of the 
drive plate (12) detemnines a stroke of the piston 
(20) and the displacement of the compressor, the 
displacement control mechanism includes a control 

25 valve (CV) located in the compressor, and the con- 
trol valve (CV) Is operated depending on the differ- 
ence between the pressure at the first monitoring 
point and the pressure at the second pressure mon- 
itoring point (P2), which act on the control valve 

30 (CV), to adjust the pressure in the crank chamber 
(5). 

3. The air conditioning apparatus as set forth in claim 
2, characterized In that the control valve (CV) in- 

^ eludes: 

a valve body (43); 

a pressure sensitive chamber (48); and 

a pressure sensitive member (54), which di- 

40 vides the pressure sensitive chamber (48) to a 

first pressure chamber (55) and a second pres- 
sure chamber (56), wherein the pressure at the 
first pressure monitoring point (P1) is intro- 
duced to the first pressure chamber (65) 

45 through the first pressure introducing passage 

(37), the pressure at the second pressure mon- 
itoring point (P2) is introduced to the second 
pressure chamber (56) through the second 
pressure introducing passage (38), and the 

50 pressure sensitive member (54) moves the 

valve body (43) In accordance with the differ- 
ence between the pressure In the first pressure 
chamber (55) and the pressure in the second 
pressure chamber (56), which act on the pres- 

ss sure sensitive member (54), such that the pres- 

sure difference between the first and second 
pressure monitoring points (P1 . P2) seeks the 
target value. 
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4. The air conditioning apparatus as set forth in claim 
2, characterized in that the control valve (CV) in- 
cludes: 

a valve body (43); 

a pressure sensitive chamber (48); and 
a pressure sensitive nnember (54), which di- 
vides the pressure sensitive chamber (48) to a 
first pressure chamber (55) and a second pres- 
sure chamber (56), wherein the pressure at the 
first pressure monitoring point (P1) is intro- 
duced to the first pressure chamber (55) 
through the first pressure introducing passage 
(37), the pressure at the second pressure mon- 
itoring point (P2) is introduced to the second 
pressure chamber (56) through the second 
pressure introducing passage (38), and the 
pressure sensitive member (54) moves the 
valve body (43) in accordance with the differ- 
ence between the pressure in the first pressure 
chamber (55) and the pressure in the second 
pressure chamber (56), which act on the pres- 
sure sensitive member (54), such that the com- 
pressor displacement is varied to cancel a 
change of the pressure difference between the 
first and second pressure chambers (55, 56). 

5. The air conditioning apparatus as set forth in claims 
3 or 4, characterized in that the altering device is 
an electromagnetic actuator (60) located in the con- 
trol valve (CV), the electromagnetic actuator (60) 
urges the valve body (43) with an urging force cor- 
responding to the magnitude of electric current sup- 
plied to the actuator (60), and the magnitude of the 
electric current supplied to the electromagnetic ac- 
tuator (60) reflects the target value. 

8. The air conditioning appatBtus as set forth in claim 
5, characterized by: 

an external infonnation obtaining device (72) 
for obtaining the external information that re- 
flects cooling perfonnance required for the re- 
frigerant circuit; and 

a controller (70), which detemiines the target 
value depending on the external information 
obtained by the external infonnation obtaining 
device (72) and supplies the electric current 
corresponding to the detemnined target value 
to the electromagnetic actuator (60). 

7. The air conditioning apparatus as set forth in any 
one of claims 1 to 6, characterized in that a section 
of the refrigerant circuit between the first and sec- 
ond pressure monitoring points (P1, P2) functions 
as the adjusting line (36a). 

8. The air conditioning apparatus as set forth In any 



one of claims 1 to 6, characterized in that the ad- 
justing line (93a, 93, 93b; 102; 98) is parallel with a 
section of the refrigerant circuit between the first 
and second pressure monitoring points (PI , P2). 

5 

9. The air conditioning apparatus as set forth in any 
one of claims 3 to 6, characterized in that the ad- 
justing line (93a. 93, 93b; 102) is located in the con- 
trol valve (CV) to connect the first pressure chamber 

10 (55) to the second pressure chamber (56). 

10. The air conditioning apparatus as set forth in claim 

9, characterized in that the adjusting line (93a, 93, 
93b; 102) Is fonned In the pressure sensitive mem- 

is ber (54). 

11. The air conditioning apparatus as set forth in claim 

10. characterized In that the adjusting valve (92) 
Is located in the pressure sensitive member (54). 

20 

12. The air conditioning apparatus as set forth in any 
one of claims 1 to 11 , characterized in that the ad- 
justing valve (39; 92; 101) is operated in accord- 
ance with a refrigerant flow rate in the refrigerant 

2S circuit or a physical quantity that is varied In corre- 
lation with the refrigerant flow rate. 

13. The air conditioning apparatus as set forth in claim 
12, characterized in that the adjusting valve (39; 

30 92; 1 01 ) Is operated In accordance with the differ- 
ence between the pressure acting on an upstream 
side of the adjusting valve (39; 92; 101) and the 
pressure acting on a downstream side of the adjust- 
ing valve (39; 92; 101). 

35 

14. The air conditioning apparatus as set forth in claim 
12, characterized in that the adjusting valve (39; 
92; 1 01 ) increases the opening size of the adjusting 
line (36a; 93a, 93, 93b; 1 02; 98) as the refrigerant 

40 flow rate in the refrigerant circuit increases. 

1 5. A displacement control valve for controlling the dis- 
placement of a variable displacement compressor 
incorporated in a refrigerant circuit of an air condi- 

45 tioning apparatus, characterized by: 

a valve housing (45); 

a valve body (43), which is accommodated in 
the valve housing (45); 
50 a pressure sensitive chamber (48), which is 

formed in the valve housing (45); 
a pressure sensitive member (54), which di- 
vides the pressure sensitive chamber (48) to a 
first pressure chamber (55) and a second pres- 
55 sure chamber (56), wherein the pressure at a 

first pressure monitoring point (PI ) in the refrig- 
erant circuit is introduced to the first pressure 
chamber (55), the pressure at a second pres- 
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sure monitoring point (P2) in the refrigerant cir- 
cuit Is introduced to the second pressure cham- 
ber (56), and the pressure sensitive member 
(54) moves the valve body (43) in accordance 
with the pressure difference between the first s 
pressure chamber (55) and the second pres- 
sure chamber (56), thereby controlling the dis- 
placement of the compressor such that the 
pressure difference between the first and sec- 
ond pressure monitoring points (P1 , P2) seeks io 
a predetermined target value; 
an altering device (60) for altering the target 
value, wherein the altering device (60) urges 
the valve body (43) with a force conresponding 
to the target value; is 
an adjusting line (93a, 93, 93b; 102), which is 
fomned in the pressure sensitive member (54) 
to connect the first pressure chamber (55) to 
the second pressure chamber (56); and 
an adjusting valve (92; 1 01), which adjusts the 20 
opening size of the adjusting line (93a, 93, 93b; 
102). 

1 6. The displacement control valve as set forth in claim 

15, characterized In that the adjusting valve (92; 2s 
101) is operated in accordance with a refrigerant 
flow rate in the refrigerant circuit or a physical quan- 
tity that is varied in correlation with the refrigerant 
flow rate. 

30 

17. The displacement control valve as set forth in claim 

1 6, characterized in that the adjusting valve (92; 
101) is operated in accordance with the difference 
between the pressure in the first pressure chamber 
(55) and the pressure in the second pressure cham- 3S 
ber (56). 

1 8. The displacement control valve as set forth in claim 
16, characterized In that the adjusting valve (92; 
101) increases the opening size of the adjusting line 40 
(93a, 93, 93b; 1 02) as the refrigerant flow rate in the 
refrigerant circuit increases. 
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